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Abstract— The blockchain is a distributed ledger shared 
among computers around the world that allowing anyone 
to transact and do business with each other. Once a new 
block is created, ledger’s transactions are updated and 
synchronized. Hence, the speed of information 
propagation in order to minimize the time taken by a node 
to verify a block before announcing it to the network is 
very significant that should be leveraged by the enabling 
technologies. However, due to the huge of data capacity 
needed, mode division multiplexing (MDM) is a promising 
approach to provide an additional level of freedom 
through propagating different channels in multimode fiber 
(MMF). Nevertheless, mode coupling is considered as the 
primary bandwidth impairment of MMF due to the 
mode’s random perturbation.  This paper investigates the 
potential of mode spacing in conjunction with a feed-
forward equalizer on twisted Laguerre-Gaussian (LG) 
MDM. Free error transmission of 40Gbit/s over MMF is 
achieved. The bit-error-rate and eye diagram have been 
used as a measurement metrics.   
 
Index Terms—Blockchain, mode division multiplexing, 
mode spacing, multimode fiber  
I. INTRODUCTION 
In the technological world, ironically, the rapid changes are 
the only constant that one should expect. Current generation 
lives in an interesting time where new technology consistently 
emerged and sometimes gloriously fail. The human life is 
dramatically exposed to several phenomena; those phenomena 
became a reference of sign to that era. For example, the 
industrial revolution is referenced to the invention of 
electricity. Therefore, people talk about it as a sign before and 
after electricity, same goes for the Internet where we got to 
talk about things before and after the existence of Internet. The 
blockchain is considered as the third phenomenon which is 
currently happening. The blockchain has emerged as the 
second generation of Internet after the introduction of bitcoin 
[1] and a new type of trust to wide range services globally [2]. 
Blockchain can be leveraged to different disciplines such as; 
Peer-to-Peer payment and lending, proof of authorship and 
ownership, trustworthy endorsements and proofs of identity, 
smart contracts, digitalization of documents and contracts. 
However current enabling technologies need to accommodate 
the requirements of those applications. For example, in the 
context of blockchain, the time taken by each node to verify a 
newly joint block to the network need to be minimized.    
 
This stimulates researchers to look for different approaches in 
order to improve the transmission data capacity. Mode 
division multiplexing (MDM) is a potential approach for 
providing the needed capacity through propagating different 
distinct channels over a single multimode fiber (MMF). 
However, and in addition to the imperfection of optical 
multiplexing and modal dispersion, data may scatter causing 
wide and smeared pulses [3-6]. Therefore, significant works 
have been demonstrated in order to alleviate mode coupling 
which can be categories into two types namely, long-range 
strong coupling system and short-range weak coupling system. 
In the long-range strong coupling system, the mode coupling 
should be compensated using “multi-input-multi-output 
(MIMO) digital signal processing (DSP) as in [7-9] and 
frequency domain electronic compensations such as [10, 11]. 
However, MIMO-DSP began to be complex as the number of 
mode increases [12]. In short range week coupling system, 
less mode coupling is exhibited. However, to inverse the 
coupling suppression, an adaptive feedback algorithm is used 
[11].  
 
This paper integrates feed-forward equalizer (FFE) at the 
receiver side to further enhance the bandwidth-distance of 
MMF in MDM.  
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TABLE. 1 MODE SPACING EFFECTS  
VCSEL 
Array 
Radial index ∆m 
Azimuthal 
index 
1 m = 1, 2, 3, 4, 5 1 l = 1 
2 m = 1, 3, 5, 7, 9 2 l = 1 
3 m = 1, 4, 7, 10, 13 3 l = 1 
4 m = 1, 5, 9, 13, 17 4 l = 1 


























The paper is organized as follows, Section II explains the 
methodology and simulation setup. Section III analyzes the 
results. Section IV concludes the paper.  
II. SIMULATION OF MDM BASED FFE  
 Fig.1 shows the MDM which has modeled and simulated 
using OptSim 5.2 [13], and MATLAB [14]. Three 
distinguished parts of the model can be observed which the 
transmitter, medium, and the receiver part. At the transmitter 
part, a pseudo-random binary sequence (PRBS) is used 
generate the signal which was modulated to non-return-to-zero 
(NRZ). Five vertical cavity surface emitting lasers (VCSELs) 
arrays that emit x polarized twisted Laguerre Gaussian are 
connected to the generated signal.  The transverse shapes are 
described by the azimuthal and radial indexes. In order to 
investigate the mode spacing between the two indexes, the 
azimuthal index is fixed to 1 while the radial index is 
fluctuating to (∆m=1, ∆m=2, ∆m=3, ∆m=4, and ∆m=5) as 
shown in Table 1. The transverse electrical field of LGlm 
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is generalized Laguerre 
polynomial. L= l ,  is the fi1eld wavelength = 1550.12nm, 
the aforementioned five VCSELs array are connected to five 
vortex lenses used to twist the normal phase of LG mode. f is 
the focal length = 8.0 mm and m is the vortex order = 4. The 
phase transformation can be explained as [13]:  
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where x and y are the transverse indexes for the x, y plan. n is 
the material index. Then, the MDM twisted LG modes are 
propagated through 1500m-long MMF where the parabolic  
refractive index profile is employed in order to reduce the 
differential mode delay and maximize the bandwidth [15]:  
                                   ( ) (1- )co
2n R n R                        (5) 
where nco is the core refractive index, R is the normalized  
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Fig. 3 The eye diagram of the radial index (∆m=1, ∆m=2, ∆m=3, ∆m=4, and ∆m=5) 
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Fig. 2 Refractive index profile of MMF  
 
radial distance from the center of the core,  
2 2 2( ) (2 )co cl con n n   is the profile height parameter 
where ncl is the cladding refractive index at R=1 as shown in 
Fig 2. The MMF core diameter is set to 50.0 ± 2.5μm. The 
MMF cladding is set to 125 ± 1μm. The attenuation is 
assumed to be 1.5dB/km. The relative power that coupled to 
each mode can be computed as the overlap integral of the 
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where Ein. is the generated field, elm is the polarized transverse 
field.  
At the receiver side, five photodetectors are used to receive the 
transmitted signal at wavelength 1550.12 nm. An adaptive 
signal processing FFE is integrated with MDM to cancel 
Intersymbol Interference. The signal transformation is 
explained as: 
                                   
1 1
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 where x(t) is the input signal, ui is the tap weight, n is the 
number of FFE taps, m is the time delay between two taps. 14 
FFE taps have been used as a tap delay. 
III. MDM RESULTS AND DISCUSSION 
A significant time delay is exhibited once the radial index 
∆m=1. The BER is 6.35 × 10-11 which reflect a narrow pulse 
shape and wide eye diagram before the integration of FFE as 
shown in Fig. 3 (a). Once the FFE integrated the error is 
decreased more to 4.11 × 10-15 as in Fig. 3 (b). A significant 
result is attained once the radial index ∆m=2, less time delay 
between modes is exhibited which can be observed 
qualitatively through the eye diagram as in Fig. 3 (c), and 
quantitatively through the BER to 3.43 ×10-58 before the 
equalizer and then FFE has minimized the error even more to 
8.69 × 10-83 as shown in Fig. 3 (d). 
 
Signal deteriorated once ∆m=3, the modes experience high 
time delay which can be observed through the unclean, noise 
eye diagram as shown in Fig. 3 (e) and BER before the 
equalizer to 2.18 × 10-06. The equalizer has helped to rectify 
the signal and transmitted a free error BER of 7.16 × 10-09 as 
in Fig. 3 (f). Signal become significant again once ∆m=4 as in 
Fig. 3 (g) due to the interchange of power between mode 
which resulted in less propagation time delay. This can be 
confirmed through the clean eye diagram and the BER 7.70 × 
10-13 before the equalizer and 3.51 × 10-21 after the equalizer 
as in Fig. 3 (h). However once ∆m=5 the received signal is 
severely deteriorated due to the wide spacing between modes 
which caused a very high time delay between modes. The eye 
diagram is totally closed as Fig. 3 (i) and confirm through the 
BER before the equalizer to 1.00 and after the equalizer to 
2.87 × 10-04 as shown in Fig. 3 (j). 
IV. CONCLUSION 
Achieving superior performance over all existing and newly 
joined block is very important in order to minimize the time 
taken by each node in order to verify a block before 
announcing it to the network. Twisted LG MDM in 
conjunction with FFE has been demonstrated, achieving error-
free data capacity of 40Gbit/s over MMF. It is envisioned that 
MDM in integration with FFE is a promising solution to 
accommodate multi-hungry bandwidth applications with an 
acceptable range of BER. 
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